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398 447 481 484 50& 512 516 522 575 577 579 597 600 601 
AP - JP19800165011 19801124 
CPY - KURS 
DC - A23 A32 F01 
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S-.TSSSU EES. 1319 1323 1462 2471 2486 2526 2629 2569 2594 2640 
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- JP62019525B B 19870430 DW198721 OOOpp 
PR - JP198001 65011 19801124 

XIC - D01D-005/24 ; D01F-008/14 . # 

AB - J57089617 The conjugate fibre is of non-xoaxial type cons.st.ng of 

polymer A contg. at least 85 wt.% of polyethylene terephthalate , and 

SoXmer B contg. at least 85 wt.% of polytetramethylene terephthalate. 

Po ymer I assumes reversible a.pha-beta crystalline «ue*» under 

relaxation and stretching treatments and it is located .ns.de the 

/Xlm!«nTviscosity numbers of A and B i^^f^ 
satisfy the following equations, y is 0.248z + 0.218 to 0.80 z is 

The's^n^gTs^one at 800 to 4000 m/min. and spun fibre is drawn at 
t^e foHowing draw ratio so that polymer B may have double retracfve 
index of at least 120 x 10 power -3. 

: "EeTe — «-" s under the 

same condition. Best method is to effect spining at 4000 to 10000 

- SeScrimping conjugate fibre with excellent crimping and dyeing 
properties is obtained. pi ope COMPRISE POLYMER CONTAIN 

TEREPHTHALATE ~ rtAV . ai TYPF FIBRE COMPRISE POLYMER CONTAIN 

TEREPHTHALATE 

NC -001 

OPD- 1980-11-24 

ORD - 1982-06-04 

PAW - (KURS ) KURARAY CO LTD . 

Tl -Self crimping conjugate non coaxial type fibre - compr.ses polymer 

contg. polyethylene terephthalate and polymer contg. 

poly:tetra:methylene terephthalate 
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Japanese Unexamined Patent Application Publication 
No. 57-89617 

Publication Date: June 4, 1982 
Application No. 55-165011 
Application Date: November 24, 1980 
Inventors: NAKAGAWA et al . 
Applicant : Kuraray Corporation 

SPECIFICATION 

1. Title of the Invention: CONJUGATE FIBER AND PROCESS FOR 
PRODUCING THE SAME 

2 . Claims 

(1) A self -crimping conjugate fiber comprising a 
polymer A and a polymer B, both of which are mutually 
eccentrically arranged to provide a helically crimped 
structure, wherein the polymer A comprises more than 85% by 
weight of polyethylene terephthalate ; the polymer B 
comprises more than 85% by weight of polytetramethylene 
terephthalate; the polymer B reversibly takes its 
crystalline structures a and p in response to the fiber 
undergoing relaxation and tensioning; and the polymer B is 
positioned in the interior of the helically crimped 
structure . 
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(2) A process for the production of a self -crimping 
conjugate fiber comprising a polymer A and a polymer B, both 
of which are mutually eccentrically arranged to provide a 
helically crimped structure, wherein the polymer A comprises 
more than 85% by weight of polyethylene terephthalate ; the 
polymer B comprises more than 85% by weight of 

polytetramethylene terephthalate; the polymer B reversibly ( 
takes its crystalline structures a and P in response to the 
fiber undergoing relaxation and tensioning; and the polymer 
B is positioned in the interior of the helically crimped 
structure, which process comprises the steps of spinning the 
polymers A and B by one of composite spinning and eccentric 
composite spinning, wherein prior to spinning, each of the 
polymers A and B has an intrinsic viscosity meeting the 
following equations 

0.248 z + 0.128 <; y <; 0.80 
0.7 <; z <; 1.35 

where z denotes [r\] of the polymer B, and y denotes the 
equation, y = z - x, assuming [r\] of the polymer A to be x; 
and wherein after spinning, the polymer B has a 
birefringence An B of 120 x 10" 3 or above; and subsequently 
stretching the spun yarn. 



(3) A process for the production of a self -crimping 
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conjugate fiber according to claim 2, wherein the spinning 
is performed at a spinning speed in the range of from 800 to 
4,000 m/min, and the resultant non-stretched yarn is 
stretched at a stretch ratio represented by the following 
equation 

0.9 x [ HD ] b ^ HD <; 1.2 x [HD] B 
wherein [HD] B denotes the maximum stretch ratio of the 
polymer B when spun under the same conditions . 

(4) A process for the production of a self -crimping 
conjugate fiber according to claim 2, wherein the spinning 
is performed at a spinning speed in the range of from 4,000 
to 10,000 m/min. 

3. Detailed Description of the Invention 

This invention relates to a polyester-type self- 
crimping conjugate fiber that excels in crimping. More 
particularly, the invention relates to an eccentric 
conjugate fiber in which a polyethylene terephthalate-based 
polymer and a polytetramethylene terephthalate-based polymer 
are uniquely combined with each other. 

Heretofore, intensive researches have been conducted 
on the eccentric composite spinning of polyethylene 
terephthalate-type polymers. Despite this situation, not 
much study has been made for conjugate fibers composed of 



polyethylene terephthalate (PET) and polytetramethylene 
terephthalate (PBT) . No satisfactory means have been yet 
found in enabling such conjugate fibers to sufficiently 
produce their properties . One example of an eccentric 
conjugate fiber of PET and PBT appears for instance in 
Japanese Examined Patent Application Publication No. 45- 
19108. This publication discloses that peculiar crimping 
can be developed by spinning such an eccentric conjugate 
fiber at a speed of 633 m/min and then by performing 
stretching up to 4,216 times, thereby placing PBT in a 
stable crystal form of a relaxed type (in an a structure), 
so that an amorphous portion is oriented more frequently by 
crystallization with consequent strong tendency to crimp. 
Here, the stable form is described as meaning that PBT 
retains its crystal form under all conditions other than 
melting and hence does not undergo changes during processing, 
wearing and various other treatments. On the other hand, 
PBT when being unstable is stated to be unsuitable for use 
as a highly shrinkable polymer. The thought like this would 
presumably be applicable to polytrimethylene terephthalate, 
but not to PBT; with regard to PBT, however, it is totally 
in disagreement with the research results according to the 
present inventors. The above-cited disclosure is apparently 
due to the insufficiency of studying PBT to the full. 
Moreover, Japanese Unexamined Patent Application Publication 
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No. 52-21419 teaches an eccentric conjugate fiber of PBT and 

PET in which PBT is positioned outwardly of the helically 

crimped structure. The outward positioning of PBT cannot 

achieve the advantages of the present invention, nor does it 

provide a fiber having good stretching properties . 

According to the present invention, there is provided 

a self -crimping conjugate fiber comprising a polymer A and a 

polymer B, both of which are mutually eccentrically arranged 

to provide a helically crimped structure, wherein the 

polymer A comprises more than 85% by weight of polyethylene 

terephthalate; the polymer B comprises more than 85% by 

weight of polytetramethylene terephthalate; the polymer B 

reversibly takes its crystal structure a and p in response 

to the fiber undergoing relaxation and tensioning; and the 

polymer B is positioned in the interior of the helically 

crimped structure . 

In this invention, the polymer A comprising more than 

85% by weight of polyethylene terephthalate, and the polymer 

B comprising more than 85% by weight of polytetramethylene 

terephthalate can contain less than 15% by weight of other 

copolymerizable components, respectively. Suitable 

components to be copolymerized are selected for example from 

among ethylene glycol, diethylene glycol, 1 , 4-butanediol , 

neopentyl glycol, cyclohexane- 1 , 4-dimethanol, isophthalic 

acid, sulf oisophthalic acid, polyalkylene glycol and the 
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like. Each of the polymers A and B may also be incorporated 
with additives such as delusterants , pigments, carbon, 
silica and the like, antistatic improvers such as 



dodecylbenzene sulfonate and the like, flame retardants and 
dyeing assistants . 

The crystalline structures a and p according to the 
present invention are decided by determining the fiber 
period (FP) by X-ray analysis. For example, the FP of the 
crystalline structure a is 11.59 A, and the FP of the 
crystalline structure p is 15.07 A as reported by H. 
Tadokoro et al. in "Macromolecules " , vol. 9, p. 266 (1976) 
and "Polymer Preprints of Japan", vol. 28, p. 1958 (1979). 

The term "relaxation" or "relaxed state" used herein 
denotes that crimping has been developed without external 
force applied to the fiber, whereas the term "tensioning" or 
"tensioned state" used herein denotes that extension has 
occurred by 3 to 10% from the crimp in the fiber. Repeated 
interaction of the two states indicates that PBT reversibly 
changes from the structure a to the structure p. The 
reversion of PBT between the structure a and the structure P 
does not takes place discontinuously , but in a continuous 
state in which the crystalline structure a becomes rich in 
relaxed condition, and the crystalline structure P becomes 
rich in tensioned condition. The crystalline structures a 



polyalkylene glycol terminated with 
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and |5 can be qualitatively identified with ease by x-ray 
diffraction; a fibrous flux is first fixed to a specimen 
holder such that the axis of a fiber is located 
perpendicularly to an x-ray beam, and a fibrous diagram is 
photographed with a wide-angle x-ray diffraction camera 
provided with a flat film. On the fibrous diagram, a point 
of diffraction is measured at a face (104) found on a 
meridian. The distance (1) measured centrally from the 
point of diffraction on the meridian is counted from the 
following equations 

1 = R tan 26 
9 = sin" 1 (X I 2d) 
where R denotes the distance between a specimen and a film, 
X denotes the wavelength of an X-ray used, d denotes the 
face-to-face distance of (104), and 0 denotes the Bragg 
angle . 

It is noted that skill is required in analyzing a 
conjugate fiber of PBT and PET from the fibrous diagram 
based on an X-ray because the diffraction points between PBT 
and PET overlap partly with each other on that diagram. 

To facilitate the comparison between the structures a 
and the structure {3 according to the present invention, 
infrared absorption analysis may be used. As disclosed in 
"Polymers" by J. M. Ward et al., vol. 18, p. 327 (1977), the 
absorptions induced from the crystalline structure a are 
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found at 752 cm" 1 , 910 cm" 1 and 1,450 to 1,460 " 1 , while the 
absorptions from the crystalline structure p are found at 
845 cm" 1 , 960 cm" 1 and l^VO" 1 . Thus, the changes between the 
structure a and the structure P may be easily ascertained by 
comparing the infrared absorption peaks in a relaxed state 
with those in a tensioned state. 

In the conjugate fiber of the present invention, PBT 
is positioned inwardly of the helically crimped structure. 
Due to relaxation and tensioning, PBT causes crystal 
transformation between the structure a and the structure p. 
Namely, PBT changes to the structure P in a tensioned state 
in which the crimp is extended, or PBT changes to the 
structure a, a more stable structure, in a relaxed state in 
which tensioning is removed. At this time, the molecular 
chain shrinks by about 15%. Because these changes are 
reversible, the conjugate fiber of this invention is 
markedly superior in shrinking by virtue of its inherent 
mechanism that is wholly distinct from conventional ones . 

The following process can be employed to produce the 
conjugate fiber of the present invention in which the 
crystalline structures reversibly change between a and P as 
described above. 

The polymers A and B are subjected to eccentric 
composite spinning in conventional manner. By the term 
eccentric conjugate fiber used herein is meant a fiber which 



- 9 - 



is unsymmetrical about the center of gravity R as shown for 
example in Fig. 1, and in this figure, H in A or B denotes a 
hollow portion. The ratio of polymer A to polymer B is 
preferably in the range of from 3 : 7 to 7 : 3 . Each of the 
polymers A and B has an intrinsic viscosity meeting the 
following equations 

0-248 z + 0.128 =£ y <> 0.80 
0.7 <; z <; 1.35 

where x and z denote the viscosities [i]] of the polymers A 
and B, respectively, when measured in a mixed solvent 
containing an equivalent amount of phenol and 

tetrachloroethane and in a thermostatic chamber of 30° C with 
an Ubbellohde viscometer, and y denotes y = z - x which 
means the difference between x and z . The polymer B has a 
birefringence An B of 120 x 10" 3 or above. When these 
requirements are satisfied, the conjugate fiber of this 
invention can be obtained. 

In general, the viscosity [r|] of the conjugate fiber 
is equivalent to the average weight of the polymers A and B. 
The polymers A and B are difficult to determine their 
respective magnitudes of [r\] after the completion of 
spinning, and therefore, the relationship between the 
spinning conditions and the [r[] drops should be determined 
in advance by spinning individual polymers under the same 
spinning conditions. If the parameter y, i.e., the 
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difference in intrinsic viscosity between the polymers A and 
B, is smaller than the above equation, then a kneeing 
phenomenon is less likely to occur as disclosed in Japanese 
Unexamined Patent Application Publication No. 51-84924. 
This phenomenon indicates that a spun yarn gets kneed at a 
position directly beneath a spinneret. However, the 
reversion between a and P according to this invention is 
less attainable, and this fails to provide a conjugate fiber 
that can exhibit good crimping upon stretching only. To 
obtain the conjugate fiber of this invention that gives the 
reversion between a and p due to relaxation and tensioning, 
the polymer B should have a An of 120 x 10" 3 or above. More 
desirably, orientation should be performed at one time or 
instantaneously in obtaining a substantially complete 
crystalline structure p, followed by relaxation. In this 
instance, the crystalline structure a becomes virtually 
complete in a relaxed state, thereby facilitating the 
reversion between a and p due to relaxation and tensioning. 

In order to produce the conjugate fiber of the present 
invention, the spinning speed should be greater than 800 
m/min. Failure to observe this speed does not provide a 
conjugate fiber in which the reversion between a and p 
easily occurs as in this invention. Spinning speeds of from 
800 to 4,000 m/min have difficulty obtaining a conjugate 
fiber with a An B of t> 120 x 10~ 3 , and in this case. 
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stretching is desired. Stretching may be effected after 
winding up on a bobbin subsequently to spinning, or 
immediately after spinning. Here, the spinning speed is 
important, as mentioned above, in the sense that a more 
complete crystalline structure {3 can be instantaneously 
obtained; namely, certain spinning conditions are required 
which are not known in this art. They are specified to 
satisfy the equation, 0.9 x [HD] B ^ HD <; 1.2 x [HD] B , wherein 
[HD] B denotes the maximum stretch ratio, i.e., the stretch 
ratio up to breaking, of the polymer B when spun under the 
same conditions, and [HD] denotes the stretch ratio of the 
conjugate fiber. The above- specif ied stretch ratio is one 
in which a single fiber gets broken. When that equation is 
met , the crystals of the polymer B can instantaneously take 
an almost complete structure (3. Higher spinning temperatures 
are preferred. Winding up may be effected after spinning or 
after relaxation. 

In producing the conjugate fiber of the present 
invention, the most preferred process is designed to place 
the polymers A and B in eccentric formation, followed by 
spinning at from 4,000 to 10,000 m/min. It has hitherto 
been thought that when an eccentric conjugate fiber is spun 
at a high speed, both a polymer A and a polymer B get highly 
molecular ly oriented as shown in Fig. 2 so that the 
difference in shrink between the two polymers becomes small. 
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inviting poor crimping and failing to obtain a sufficiently 
crimped fiber. In the conjugate fiber of PBT and PET 
according to this invention, the crystalline structure of 
PBT reversibly changes between a and P more speedily for the 
foregoing reasons - This means that as the higher the 
spinning speed, crimping becomes better. Fig. 3 shows the 
natural shrink, in a free or relaxed state after winding up, 
of each of PET and PBT individually spun. 

PBT reveals a sharp increase in natural shrink with 
increasing spinning speeds, thus making a great difference 
with respect to PET. Hence, when PBT and PET undergo 
eccentric composite spinning, crimping develops only by 
spinning at from 2,500 m/min, providing a spinning-free 
self -crimping conjugate fiber at from 4,000 m/min. The 
natural shrink is presumed to arise from the crystalline 
structure p that turns into the crystalline structure a when 
converted to a relaxed state from a tensioned state during 
winding up. Higher spinning speeds bring about a more 
complete crystalline structure a. The more the crystalline 
structure a is complete, it tends to turn into the 
crystalline structure p upon re-relaxation depending on a 
stretch of 1 to 10% so that the reversion between a and p 
readily takes place. 

The conjugate fiber of the present invention has 
noticeably superior crimping and dyeability. The term 
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superior dyeability used herein denotes that the dye fixing 
(Df ) exceeds 60% when dyeing is performed under the 
conditions of dye: ordinary disperse dye (Eastman Polyester 
Navy Blue 3R-LSW) , concentration: 5% owf, bath ratio: 1 : 50, 
temperature: 98° C and time: 60 min. 

Surprisingly, the conjugate fiber of PET and PBT 
according to this invention is of a self -crimping nature 
without the need for stretching at a spinning speed of 4,000 
m/min or higher and is greatly dyeable under atmospheric 
pressure. Further, this crimping results from the reversion 
of PBT between the structure a and the structure p so that 
the conjugate fiber exhibits great elastic recovery. Prior 
to winding up, heating may be effected with godet rolls or a 
plate at from room temperature to the melting points of the 
polymers . This contributes to further improvement in 
crimping . 

The conjugate fiber according to the present invention 
may be used in filament, staple or fiber form, and it is 
suitably useful for woven clothing, knitted clothing, carpet, 
bedding and the like. 

The following examples are given to further illustrate 
the present invention. 

Example 1 

With the use of PET of [tj] = 0.53 as a component A and 
PBT of [r]] = 1 . 2 as a component B, composite spinning was 
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performed in side-by-side arrangement in a ratio of 1 : 1, 
at a temperature of 275° C and at a spinning speed of 1,200 
m/min, whereby a non- stretched yarn of 150 d/24 f was 
obtained. On the other hand, the component B alone was spun 
under the same spinning conditions, thereby obtaining a non- 
stretched yarn of 150 d/24 f which was measured as to the 
maximum stretch ratio [HD] B and An B . [HD] B was 2.8 and An B 80 
x 10" 3 . When this non-stretched yarn was stretched 
immediately before breaking, An of [HD] B = 2.8 was 
determined to be 140 x 10~ 3 . Subsequently, the above 
composite- spun non-stretched yarn was stretched at a stretch 
ratio of 2.8 (namely, [HD] = [HD] B ) , at a preheating 
temperature of 78° C and at a plate temperature of 140° C. 

Evaluation was made of the resultant fiber for 
crimping (Ki, K 2 and K 3 ) as given below. 

A hank of 5,000 d (one side: 2,500 d) was formed at a 
tension of 0.05 g/d. An initial load of 5 g was then 
applied to the hank, and the length 1 0 of the hank after a 
lapse of 5 minutes. The hank was slightly twisted with the 
initial load maintained and then wetted with water, followed 
by immersion in a hot water of 90° C for 30 minutes. Then, 
the initial load was removed and air- dried in a suspended 
posture. The length li of the hank was measured with an 
initial load of 5 g applied. Thereafter, the length 1 2 of 
the hank was measured upon lapse of 30 seconds after a main 
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load of 500 g was applied. After removal of the main load, 
an initial load was applied, and the length 1 3 of the hank 
was measured upon lapse of 50 seconds. A fatigue load of 
3 # 500 g was applied for 30 seconds and then removed, the 
hank was let to stand for 5 minutes with an initial load 
applied, followed by measurement of the length 1 4 of the 
hank. Ki, K 2 and K 3 are represented by the following 
equations , respectively . 

crimp extension Ki (%) = I2 - I1/I2 x 100 
crimp recovery K 2 (%) = I2 - I3/I2 x 100 
crimp fastness K 3 (%) = I2 - I4/I2 x 100 
The measurements were Ki = 46.0%, K 2 = 44.5% and K 3 = 
43.9%. The polymer B was found to be present in the 
interior of the helically crimped structure. Surprisingly 
high crimping was attained as a stretched yarn composed of a 
conjugate fiber. 

To facilitate comparison, conventional data are 
provided. With regard to VI I -C in Example 7 of Japanese 
Examined Patent Application Publication No. 43-1911108, a 
conjugate fiber of PBT and PET shows a crimping development 
(CD) of as low as 19% that corresponds to K x . Even with 
annealing, CD is from 23 to 33%. According to the results 
disclosed in Examples 1 and 2 of Japanese Examined Patent 
Application Publication No. 51-84924, K 2 is from 11.7 to 
33.0% even upon relaxation at 380° C in the atmosphere. 
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The conjugated fiber of this invention was stretched 
to such an extent that its crimp could be stretched 
(extension: St = 0%), and a fibrous pattern was obtained as 
a fibrous flux by wide-angle x-ray diffraction. Two points 
of diffraction (104) were confirmed on a meridian, one being 
induced from a crystalline structure a and the other from a 
crystalline structure (3. Then, this specimen was stretched 
by 5% (St = 5%) and likewise photographed as such, thereby 
obtaining a fibrous pattern- No crystalline structure a- 
induced point of diffraction (104) was found, whereas a 
crystalline structure (3-induced point of diffraction (104) 
was intensely confirmed. 

Examples 2 to 5 and Comparative Example 1 
The spun base yarn obtained in Example 1 was stretched 
with the stretch ratios and plate temperatures tabulated in 
Table 1. Further, measurement was made for An B of the non- 
stretched yarn of the component B prepared in Example 1 . 



Table 1 





Stretch 

ratio 
HD/ [ HD ] B 


An 8 


Plate 
temp . 
<°C) 


(%) 


Strength at diffraction point of (104) in 
X-ray diagram 


St = 0 


St = 5 


a 

structure 


p 

structure 


a 

structure 


p 

structure 


Ex. 2 


1.00 


150 x 10" 3 


120 


42. 3 


average 


average 


small 


large 


Ex. 3 


1.00 


140 x 10° 


200 


60. 9 


large 


small 


unknown 


large 


Ex. 4 


0. 95 


135 x 10° 


140 


32.5 


large 


small 


small 


large 


Ex. 5 


1.10 


>150 x 10 3 


140 


50.2 


average 


average 


unknown 


large 


Comp . Ex . 1 


0.85 


115 x 10" 2 


140 


20.2 


large 


unknown 


large 


unknown 
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As is evident from Table 1, the K x value is larger, the 
larger HD/[HD] B and the higher the plate temperature. In 
each of Examples 2 to 5, the crystalline structure 0 has 
been clearly ascertained, the larger HD/[HD] B due to 
tensioning and the higher the plate temperature so that good 
crimping development can be attained. The polymer B has of 
course been present in the interior of the helically crimped 
structure. Comparative Example 1 failed to clearly reveal a 
change to a crystalline structure (3 that arises from 
tensioning. The level of crimping was similar to those 
commonly known. 

Examples 6 to 10 

Polyethylene terephthalate of [rj ] = 0.55 copolymerized 
with 5% by mol of isophthalate , as a component A, and PBT of 
[r|] = 1.10 as a component B were spun, in side-by-side 
formation, at a spinning temperature of 280° C and under the 
conditions of Table 2, from a nozzle provided with 24 holes 
of 0.6 mm in diameter. An B values are also tabulated in 
Table 2 . 



Table 2 



Example 


Take-off roll 


AnB 


Crimping 


Strength 
(g/d) 


Extension 
(%) 


Speed 
(m/min) 


Temp. 
<°C) 


Ki 


K 2 


K 3 


Ex. 6 


4.500 


Room temp. 


135 x 10° 


23 


17.6 


16.8 


3.2 


40 


Ex. 7 


5.000 


Room temp. 


145 x 10° 


24 


18.2 


17.5 


3.8 


34 


Ex. 8 


6.000 


150 


150 x 10 3 


43 


40.2 


39.8 


3.5 


33 


Ex. 9 


4.500 


150 


140 x 10" 3 


55 


48.7 


49.0 


3.7 


28 


Ex. 10 


4 .500 


200 


140 x 10 3 


60 


58 . 3 


57.4 


3.4 


25 



- .18 - 



As is clear from Table 2, each of the conjugated 
fibers of this invention has been found to be of a stretch- 
free self -crimping in nature. The polymer B is present in 
the interior of the helically crimped structure. 

Each such fiber was analyzed in respect of a relaxed 
state (St = 0) and a tensioned state (St = 3) by infrared 
absorption spectrophotometry (IR). With the height of 
absorption peak at 725 cm" 1 taken as 100, measurement was 
made for the heights of absorption peaks at 843 cm" 1 , 960 cm" 
1 and 1450 to 1460 cm" 1 with the results tabulated in Table 3. 



Table 3 



Example 


St 


Ratio of IR absorption peak 


Df 




(%) 


843 cm" 1 


960 cm" 1 


1450 - 1460 cm' 1 


1470 cm" 1 


(%) 


Ex. 6 


0 


6. 18 


6.77 


7.59 


9.23 


88 




3 


8.03 


12.0 


4.73 


15 . 3 




Ex. 7 


0 


5.31 


6.07 


9.30 


7.35 


90 




3 


10.1 


15.0 


4 .70 


18.2 




Ex. 8 


0 


58.0 


6. 77 


7.95 


9.23 


89 




3 


90.3 


11.5 


5.00 


16.2 




Ex. 9 


0 


6.78 


7.01 


5.25 


9.93 


92 




3 


11.2 


14.3 


4.80 


16.8 




Ex. 10 


0 


4.21 


5.90 


8 .00 


7.60 


95 




3 


12. 3 


16.2 


4.20 


18.3 





Examples 6 to 10 contain a slight amount of a 
crystalline structure P even at St = 0, and St = 3 shows a 
considerable increase in such a structure. In Examples 6 to 
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10, good dyeability is obtained with a dye fixing (Df ) of 88 

to 95%. 

Comparative Example 2 

The same polymers as in Example 1 , the polymers A and 
B, were subjected to composite spinning in side-by-side 
formation, followed by winding up at 6 50 m/min. Stretching 
was effected 3.4 times at a preheater temperature of 7 5° C 
and at a plate temperature of 120° C. The resultant fiber 
had a K L value of 8%. In the same manner as in Example 1, a 
fibrous diagram based on wide-angle x-ray diffraction was 
determined at St = 0 and St = 5 . All points of diffraction 
were of a crystalline structure a. 

The component B alone was spun under the same 
conditions. The spun yarn revealed a An B of 68 x 10' 3 and 
suffered a natural shrink of more than 3% in several minutes 
after spinning. The fiber was stretched 3.4 times with a An 
of 115 x 10" 2 . 

4 . Brief Description of the Drawings 

Fig. 1 is a schematic cross -sectional view of the 
conjugate fiber according to the present invention; Fig. 2 
represents the relationship between the spinning speed and 
the birefringence (An) of each of the polymers A and B; and 
Fig. 3 represents the relationship between the spinning 
speed and the natural shrink of each of the polymers A and B. 
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